The potential for sliding on planes of weakness such as faults or joints under general stress states in rocks has previously been analyzed graphically by the Mohr-circle construction (Wallace, 1951; Jaeger, 1962; and Jaeger and Cook, 1969) . Because such analyses tend to be rather labor intensive, we have developed a FORTRAN computer program, SLIP, which automates this process. This program gives, in coordinates appropriate for stereographic projection, the orientations of planes on which slip can occur and the direction of slip on each plane for general triaxial stress states when all principal stresses are compressive.
In what follows, we present the theoretical background for the computer program beginning with a description of the concepts of the state of stress at a point, the Cauchy relationship between the state of stress at a point and the stress vector, and the shear and normal components of the stress vector on a plane and their directions. Also, the criterion in terms of shear and normal stress vector components for frictional slip on an arbitrary weakness plane (Amonton's Law, Jaeger and Cook, 1969), the mathematics of stereographic projection, and the uses of each in the computer program are described. Some examples of orientations of potential slip planes and slip directions calculated by the program SLIP (listed in the appendix) are shown in stereographic projection in the final section.
STATE OF STRESS AT A POINT
The state of stress at a point represented by the infinitesimal cube with nine stress components a.., is shown in figure 1 . The stress tensor is symmetric where J a.. = a .. , ij Ji a 11 ' a 22* a 33 are normal stresses, and a i 2 = a 2l a l 3 = a 3i a 23 = a 32 are s^ear stress components.
If a. 1 , 0pp, an<3 GO? a°t on Planes with zero shear stresses, then a.., 0pp» an<3 GOO are principal stresses.
CAUCHY RELATIONSHIP
Consider the tetrahedron formed by the three coordinate axis planes and the infinitesimal plane ABC (figure 2). The plane ABC has an area ds and a normal r\ with direction cosinen 1 = cos(n,x ), n 2 = cos(n,x 2 ), ru = cos(n,x )
The area of the infinitesimal surface OBC is ds,. = ds cos(n»x 1 ) = ruds, the area of the infinitesimal surface OAC is ds ? = ruds, and the area of the infinitesimal surface OAB is ds = ruds. Figure 1 . State of stress at a point in xi coordinates, a.. , a--, v are the normal stress components and a 10 = a 01 , a.-= a_. , ana a^= a^,, are the shear stress components.
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Figure 2. Stress vector T and components T acting on the infinitesimal plane -> i ABC with normal n.
Calling T. the components of the stress vector T acting on ABC, we have for equilibium of forces in the x , x , and x directions n T.ds = that is n T1 = a 11 n 1 + a 21 n 2 + a 31 n 3 n T3 = a 13n 1 + a23n2 + a 33n 3 or V "jiY Cauchy's formula establishes the relationship between the stress tensor a. . at a point and the stress vector T. on a plane of arbitrary orientation through that point.
SHEAR AND NORMAL COMPONENTS OF THE STRESS VECTOR ON A PLANE
3 By resolving T into components normal and tangential to the infinitesimal plane ABC ( fig. 3) , we find the magnitude of the normal stress component to be a = T«n = a..n.n.= T.n. n ji 'j i i 'i and the magnitude of shearing or tangential stress component is given by or T] r\ r\ n n n ?°s
Note that no ordering with respect to magnitude is implied; that is, a i 1 ' a ??' anc* a 33 Gan ^ave ar> t>itrary values relative to each other. The vector OR shown in figure 4 , to which we assign direction cosines X , Xp, and X~, is parallel to a and normal to the plane defined by OSP Again, by the rules of vector algebra, we find ñ n 2 T1
for the direction of a s
SLIP CRITERION
Consider the plane ABC to be a plane of weakness within a rock mass across which sliding can occur if the shear stress and normal stress on that plane are uniform and satisfy the relation a = ya s n where \i is the coefficient of sliding friction. Thus, as the shear and normal stresses acting on the plane are functions of the three normal stresses a.., a 22 , and a.,_, and the plane orientation is given by the direction cosines n 1 , n , and ru, we can investigate those normal stress combinations and weakness plane orientations for which a >ya and slip can s n occur. Further, assuming that slip will be in the direction of a , we can calculate the slip direction using the equations for direction cosines X . 
DESCRIPTION OF SLIP.FOR
A FORTRAN-77 program listing of SLIP.FOR is given in the Appendix. This program is written for a Digital Equipment Corporation VAX-750 with VMS operating system. The only input required are the ratios°1 1 a 22 a 33 s= / ,s= /,s= / and the friction coefficient y.°2 2 y °22 Z °22, Calculations of normal and shear stresses and the yield function are carried out as described in the previous section on stereographic projection. This information (in stereographic x, y coordinates) is written to the file SLIP.DAT. Normals to planes across which slip can occur and the slip directions are output in files SLIP1.DAT and SLIP2.DAT respectively. Both sets of data are in stereographic x, y coordinates and can be used with appropriate xy plotting software to produce plots of the type shown in the next section. Note that no xy plot software is included here.
EXAMPLES
We conclude with some examples calculated with SLIP.FOR. figure 9 and the preceding two figures (8 and 7), notice that the greatest range of possible slip plane orientations and slip directions is obtained when two of the principal stresses are equal. Also note that in each case nothing has been said about the sense of slip because this is known either through experimentation or field observations (Jaeger and Cook, 1969) .
The last set of computer generated stereographic plots shows the influence of increasing the friction coefficient y, from 0.6 to 0. el=sin(theta)*cos(alfa) e2=sin(theta)*sin(alfa) e3=cos(theta) px=el*sigx py=e2*sigy pz=e3*sigz rsq=px**2+py**2+pz**2 sgn?=(el*px+e2*py+e3*pz)**2 tsq=rsq-sgn2 f=tsq-sgn2*emu**2 sigs=sqrt(abs(rsq-sgn2)) sign=sqrt(sgn2) tau=f ov=tan(.5*theta) x=ov*cos(alfa) y=ov*sin(alfa) if(tau.lt.O.O) go to 5 al=e2*(el*py-e2*px)-e3*(e3*px-el*pz) a2=e3*(e2*pz-e3*py)-el*(el*py-e2*px) a3=el*(e3*px-el*pz)-e2*(e2*pz-e3*py) ak = sqrt(al**2+a2**2+a3**2) ell=al/ak e!2=a2/ak 
